Objective: The frequency of mind-wandering (MW) decreases as a function of age in healthy individuals. One possible explanation is that MW is a resource-dependent process, and cognitive resources decline with age. The present study provides the first investigation of MW in the earliest stages of Alzheimer's disease (AD) to further examine the resource model and discontinuities between healthy aging and AD. Method: Three large cohorts completed the Sustained Attention to Response Task (SART): a healthy middle-aged group (mean age ϭ 61.79 Ϯ 5.84 years; N ϭ 270), a healthy older adult group (mean age ϭ 76.58 Ϯ 5.27 years; N ϭ 282), and a group with early stage AD (mean age ϭ 76.08 Ϯ 7.17; N ϭ 77), comparable in age to the second group. Results: Self-reports of MW during the SART decreased as a function of age, and there was a further decrease in the AD group. All 3 groups produced faster responses on trials before No-Go errors, suggesting MW occurred in all cohorts. After No-Go errors, healthy older adults slowed disproportionately compared with middle-aged adults. This was not evident in AD individuals who showed posterror slowing comparable with that in the middle-aged group. Conclusions: The decreased self-reported MW in older adults and the further decline in AD are consistent with the cognitive resource account of MW. Behavioral indices suggest that AD is on a continuum with healthy aging, with the exception of posterror slowing that may suggest performance monitoring deficits in early AD individuals (e.g., lack of error awareness).
Mind-wandering (MW) refers to the phenomenon of attention shifting away from mental contents related to the task at hand to unrelated thoughts and feelings (Christoff, Irving, Fox, Spreng, & Andrews-Hanna, 2016; Smallwood & Schooler, 2006 , and is considered to be a specific mental state within a spectrum of spontaneous thought phenomena (Christoff et al., 2016) . There is evidence that people spend a considerable amount of time mindwandering in their everyday lives and, therefore, it appears to be a prominent feature of human phenomenology (Giambra, 1989; Killingsworth & Gilbert, 2010; Kane et al., 2007 ; McVay, Kane, & Kwapil, 2009; Singer & McCraven, 1961; Stawarczyk, Majerus, Maj, Van der Linden, & D'Argembeau, 2011) .
Methods developed to tap MW often include some form of thought sampling (Smallwood & Schooler, 2006) . For example, researchers often use an experience sampling approach which probes individuals intermittently during their everyday activities to determine if the participant is thinking about his or her current task or not (see, e.g., Kane et al., 2007; Killingsworth & Gilbert, 2010) . In laboratory studies, thought sampling reflects participants responding to a number of probe questions that usually appear randomly or quasi-randomly throughout an experimental task (Smallwood & Schooler, 2006 . These questions prompt individuals to report their mental contents at the time of the probe. In addition to random sampling, studies sometimes utilize reports of "self-caught mind-wandering" (Smallwood & Schooler, 2006) . In this case, participants have to press a key during task perfor-mance whenever they detect that their attention has shifted away from the primary task (e.g., Cunningham, Scerbo, & Freeman, 2000; Jackson, Weinstein, & Balota, 2013; Sayette, Reichle, & Schooler, 2009 ). For example, this might occur when an individual is reading and realizes that he or she has been thinking of something other than the material. This method, however, is unable to detect MW that happens in the absence of meta-awareness (i.e., when participants do not notice that their mind is wandering), even though such meta-awareness is not required for MW to occur (Schooler, Reichle, & Halpern, 2004; Schooler et al., 2011; Smallwood, McSpadden, & Schooler, 2007 ; Smallwood & Schooler, 2006) .
In addition to subjective reports of MW, a common task used to indirectly measure MW is the Sustained Attention to Response Task (SART, e.g., Christoff, Gordon, Smallwood, Smith, & Schooler, 2009; Smallwood, Beach, Schooler, & Handy, 2008; Smallwood et al., 2004; Stawarczyk, Majerus, Maj, et al., 2011) in which participants have to respond to frequent nontargets (Go trials), but have to withhold their response to infrequent targets (or No-Go trials; Robertson, Manly, Andrade, Baddeley, & Yiend, 1997; Smallwood et al., 2004) . In addition to self-report data from thought probes embedded within the task, the SART also provides reaction time (RT) based indices of MW. Two typical RT-based measures of MW in the SART are preerror speeding and posterror slowing. Preerror speeding refers to the observation that response latencies on Go trials preceding a No-Go error (i.e., responding to a No-Go target) are generally shorter than on trials preceding correct No-Go trials, presumably reflecting "mindless" rhythmical responding (Smallwood & Schooler, 2006) . Posterror slowing refers to the relative slowing of responses after an incorrect No-Go trial compared with responses after a correct No-Go trial. This presumably reflects task reengagement after the detection of an error caused by a MW episode or attentional lapse (Cheyne, Carriere, Solman, & Smilek, 2011; Cheyne, Solman, Carriere, & Smilek, 2009; McVay, Meier, Touron, & Kane, 2013) . A further behavioral indicator is RT variability as indexed by the coefficient of variation (CoV ϭ SD of Go RTs/ Mean Go RTs; Cheyne et al., 2009) . Greater cross-trial intraindividual variability presumably reflects more frequent episodes of transient (partial or complete) disengagement from the task. Importantly, however, RT-based measures may have some limitations. For instance, preerror speeding could be produced by multiple factors in addition to-or instead of-MW, such as a build-up of a motor habit or a speed-accuracy trade-off (McVay & Kane, 2012a) . Nevertheless, we still consider behavioral indices important as they are not limited to the time points directly preceding randomly distributed probes and they do not rely on participants' metacognitive abilities (i.e., participants might misclassify their mental contents).
Mind-Wandering and Aging
The relationship between healthy aging and MW has been the focus of considerable work utilizing the methods outlined above (for a recent review see Maillet & Schacter, 2016a) . Irrespective of the method used, a relatively consistent, and somewhat surprising, pattern emerges in the literature: older adults tend to report less MW than younger adults (Giambra, 1989 (Giambra, , 2000 Jackson et al., 2013; Krawietz, Tamplin, & Radvansky, 2012; Staub, Doignon-Camus, Bacon, & Bonnefond, 2014; Shake, Shulley, & Soto-Freita, 2016; Zavagnin, Borella, & De Beni, 2014) . In addition, older adults do not seem to show differential preerror speeding, but there is an age-related increase in posterror slowing, which may suggest that task reengagement after periods of MW requires greater effort from older adults than from younger adults, or that older adults devote more attention to evaluating their performance on the task (see e.g., McVay et al., 2013, for discussions) .
There are a number of factors that can account for the decrease in MW with age. First, according to Smallwood and Schooler (2006) , MW requires cognitive resources because it involves executive control shifting from task performance to personal goals. Because cognitive resources decline with age (Craik, 1986; Salthouse, 2009 ), older adults engage in MW less than younger adults. However, it should be noted that in the study by Shake et al. (2016) cognitive abilities (e.g., working memory capacity) were not associated with MW after controlling for age and interest. This lack of a relationship is somewhat difficult to reconcile with the cognitive resource account of MW. A similar account suggests that older adults may simply find the tasks more engaging and interesting, and the reduction in MW is merely a product of this absorption. ; Krawietz et al. (2012) , and Shake et al. (2016) all reported that older adults found the tasks used in these studies (i.e., the SART and reading tasks) more interesting, and that interest was a predictor of MW. also found that older adults were more conscientious than younger adults and, thus, less frequent MW in the former group may have been the result of a more disciplined attitude toward task completion. A third account of the age-related decrease in self-reported MW posits that older adults have fewer environmentally triggered concerns than younger adults, and consequently may have fewer competing thoughts that could draw their attention away from task performance (Giambra, 1993; McVay & Kane, 2010; Parks, Klinger, & Perlmutter, 1989) . Finally, it is also possible that older adults are simply reluctant-or unable-to accurately report their experiences when prompted by the probes (e.g., they misclassify off-task thought as on-task). To investigate this latter account, Frank, Nara, Zavagnin, Touron, and Kane (2015) recently tested the validity of older adult thought reports using eye-tracking during a reading comprehension task. Results showed that eye movements preceding probes differentiated between on-task and off-task thought reports (MW) in both older and younger adults. This pattern was interpreted as indicating that older adults are indeed just as good as younger adults in reporting MW.
Present Research
Although there has been considerable work investigating the intriguing finding that older adults consistently report less MW than younger adults, to our knowledge, there has yet to be any study of older adults who are transitioning to the earliest stages of Alzheimer's disease (AD). This is the focus of the present study. AD pathology involves breakdowns in a number of cognitive processes, most notably episodic memory (Albert, Moss, Blacker, Tanzi, & McArdle, 2007; Storandt, Grant, Miller, & Morris, 2006) and executive/attentional processes (Balota & Faust, 2001; Balota et al., 2010; Faust & Balota, 2007) . Consequently, the cognitive This document is copyrighted by the American Psychological Association or one of its allied publishers.
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resource account of MW would suggest that older individuals with very mild dementia might report even less MW than cognitively healthy older adults because they have fewer resources left over for the executive control of MW. It is worth noting, however, that Duchek, Balota, Storandt, and Larsen (2007) found that very mildly demented individuals are also less conscientious than cognitively healthy controls, and so one might expect that individuals in the earliest stages of AD might show more MW than more conscientious healthy controls, if indeed conscientiousness is related to MW reports, as suggested earlier.
Furthermore, individuals with early stage AD are a particularly intriguing group to study because of the accumulating evidence indicating that there is a break-down in the "default mode network" in these individuals (Greicius, Srivastava, Reiss, & Menon, 2004; Lee et al., 2016; Lustig et al., 2003) , which may be related to MW reports. The default mode network (DMN) is a set of brain regions that is active during periods of passive rest and becomes deactivated during task performance (Buckner, 2012; Raichle et al., 2001; Shulman et al., 1997) . More important, DMN activity is also thought be associated with spontaneous cognition, such as in MW (Andrews-Hanna, Reidler, Huang, & Buckner, 2010; Christoff et al., 2016; Fox, Spreng, Ellamil, Andrews-Hanna, & Christoff, 2015; Mason et al., 2007 ; for studies specifically focusing on MW during SART see Christoff et al., 2009; Durantin, Dehais, & Delorme, 2015; Kirschner, Kam, Handy, & Ward, 2012; Stawarczyk, Majerus, Maquet, & D'Argembeau, 2011) . Because AD pathology disrupts the functioning of a network implied in MW, individuals showing early signs of AD may produce less MW than healthy controls. On the other hand, because there is evidence suggesting that the DMN is less deactivated during task performance in AD individuals than in healthy control individuals (Lustig et al., 2003) , one may actually find more MW during task performance in the former group. The present study will provide evidence regarding these contrasting predictions of MW in healthy and abnormal aging at the behavioral level.
The present study included three large groups of wellcharacterized older adults (N ϭ 629) who actively participate in longitudinal studies: two groups of cognitively healthy older adults (a younger group of subjects, mean age ϭ 61.79, and an older group of participants, mean age ϭ 76.58), and a group of older adults at the earliest detectable stage of AD (comparable in age to the older healthy control group, mean age ϭ 76.08). Participants completed the SART with random thought probes. In addition to the thought probes, we examined the behavioral indices of MW (preerror speeding, posterror slowing, and the coefficient of variation). Based on Jackson and Balota's (2012) results, we expected to find larger posterror slowing as a function of age. This would be an important extension of earlier results because the vast majority of the aging studies of mind wandering have compared young college students to healthy older adults. In the present study, we compared a young-old group with an older-old group to examine if one can detect differences in posterror slowing between the two healthy community dwelling older groups that do not have extreme age differences. If we replicate the previous studies in this older sample, we also expected to find fewer MW reports in the old-old participants than the young-old participants.
More important, the present study also examined individuals with early stage AD. If AD is on a continuum with healthy aging, then one might expect a further increase in posterror slowing in the AD group as task reengagement might prove most difficult for participants with attentional control deficits beyond age-related decline. Predictions for preerror speeding are less clear as age did not disproportionately affect this index in original study. In addition, one may expect fewer subjective reports of MW in the early stage AD individuals in accordance with the predictions of the cognitive resource account. However, one could also expect an increased reporting of MW in the early stage AD individuals, compared with healthy older adults, if conscientiousness underlies the decreased reporting of MW in older adults compared with younger adults. This prediction is based on the decrease in conscientiousness in the early stages of AD compared with healthy older adults (e.g., Duchek et al., 2007) .
Method Participants
A sample of 629 individuals participated in this study: 552 cognitively healthy adults (Clinical Dementia Rating; CDR ϭ 0, no dementia) and 77 older adults in the earliest stages of AD (CDR higher than 0). Out of these individuals, 49 had a CDR of .5 (very mild dementia) and 28 had a CDR of 1 (mild dementia, see Morris, 1993) . Healthy participants were further divided into middle-aged adults (age Յ69; M age ϭ 61.79, SD ϭ 5.84; range ϭ 43-69; n ϭ 270; 63.7% female) and older adults (age Ͼ69; M age ϭ 76.58, SD ϭ 5.27; range ϭ 70 -94; n ϭ 282; 59.6% female) to examine the effects of healthy aging. The individuals in the early stages of AD were grouped together regardless of age (M age ϭ 76.08, SD ϭ 7.17; range ϭ 63-95; n ϭ 77; 44.2% female), but their mean age was not significantly different from that of the older adult group (Welch test, F Ͻ .05; p ϭ .569).
All participants were recruited from the Charles and Joanne Knight Alzheimer's disease Research Center (Knight ADRC) as part of either the Healthy Aging & Senile Dementia (HASD) project or the Adult Children Study (ACS). Both projects are longitudinal in design and follow individuals who are cognitively healthy upon entering the study. Participants are first screened for other forms of cognitive impairment (e.g., depression, hypertension, etc.) to be consistent with the criteria for "probable AD" as determined by the National Institute of Neurological and Communication Disorders and Stroke-Alzheimer's disease and Related Disorders Association (McKhann et al., 1984) . Dementia ratings are then assessed using the Washington University CDR Scale (Morris, 1993) , which assesses dementia severity with CDR 0, 0.5, 1, 2, and 3, corresponding to no dementia, very mild, mild, moderate, and severe dementia, respectively. The CDR assessment encompasses a 90-min clinical interview that assesses changes in cognition and participant functioning in such domains as memory, orientation, problem solving, community involvement, and personal care; and gathers the same information from a close collateral source (e.g., family member). The reliability and validity of the diagnosis at autopsy have been quite high (93% accuracy), even for those with very mild AD (Storandt et al., 2006) . More important, only individuals diagnosed with symptomatic AD were included in this study, and so we excluded all individuals with non-AD, uncertain or mixed etiologies, such as frontotemporal contributions to dementia. If a subject completed the SART more than once, only their baseline SART performance was used in the This document is copyrighted by the American Psychological Association or one of its allied publishers.
present analyses. Information about CDR status at the time of the SART was also obtained for all participants. Where available, personality data assessed by the NEO-FFI (Costa & McCrae, 1992) was also included. Table 1 provides demographic data as a function of group. Participants also completed a battery of psychometric tests as part of the project they were enrolled in. These tests were administered during a separate session. The table includes results for the MiniMental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) , the Selective Reminding Test (SRT; Buschke, 1973 ) and the reading span task (Daneman & Carpenter, 1980) . Psychometric data for a given participant was only included if it was collected no later than Ϯ1 year from the date of SART completion. As shown in Table 1 , performance significantly declined across groups from younger adults to older adults, and from older adults to early AD (ps Ͻ .05 for all group-wise comparisons).
Materials
In the SART, participants were presented with single numbers 1-9 with the number 3 identified as a target (No-Go) stimulus to which they should withhold their response. If any other digit (nontarget, or Go stimulus) appeared, participants were required to press the SPACE bar. The task consisted of 125 trials, and lasted approximately 5 min. Each digit was presented for 1,250 ms followed by a blank screen of the same duration. Targets were presented on 11.1% of the trials. Throughout the task, five thought probes appeared in a random fashion.
Procedure
SART sessions were preceded by three blocks of practice. In the first practice block, nine trials (one target) were presented with feedback, without any random thought probes. The second practice block was identical, with the exception that a single thought probe was also presented. In the third practice block, participants no longer received feedback on their performance. With this exception, it was identical to the preceding blocks. This was followed by a test block of 125 trials.
Stimuli were presented centrally, in white against a black background in 44 pt Courier New font. On probe trials, subjects saw the following instruction: "Please choose the one option below which best describes your experience with the task just now." They then indicated their response by pressing a number key corresponding to one of the following categories: (a) I was thinking about the task; (b) My mind was blank; (c) My mind drifted to things other than the task, but I was not aware of it until you asked me; and (d) While doing the task I was aware that thoughts about other things popped into my head. These reflect on-task thought, space outs, zone outs, and tune outs, respectively Smallwood, McSpadden, & Schooler, 2007) . Upon completion of the task, participants also indicated how difficult and how interesting they found the task on a 5-point Likert scale. The experiment was run using E-Prime 1.2 Software (Psychology Software Tools, Pittsburgh, PA).
Results
An ␣ of .05 was set to indicate significance in all analyses. Mean response latencies and accuracies as a function of group (middle-aged, healthy older adult, and AD) are presented in Table  2 . Trial level RTs below 150 ms were removed before analyses (.04% of trials were removed because of this screening). Following this, RTs beyond 3 SDs of a participant's mean were also removed. This resulted in the removal of 1.75% of trials in the middle-aged group, 1.87% in the healthy older adult group, and 1.72% in the AD group.
1 In addition, analyses are also reported on standardized RTs, based on the subject's mean and SD to control for general slowing across groups (see Faust, Balota, Spieler, & Ferraro, 1999) . Corresponding z-scores are also presented in Table 2 .
Following , thought probes that occurred immediately after a No-Go target because of the randomization were removed from later analyses, because rare No-Go trials may engage task attention. Approximately 11.77% of probes were lost because of this screening. In addition, data from seven participants (N ϭ 7) who only had 1 or 2 probe responses because of this randomization were not analyzed.
Accuracy
To investigate the effects of Age and CDR status on accuracy, a 2 (Go trial accuracy vs. No-Go trial accuracy) ϫ 3 (healthy middle-aged, healthy old, AD) mixed model analysis of variance (ANOVA) was conducted. Results indicated that subjects were significantly more accurate on Go trials than on No-Go trials, F(1, 626) ϭ 140.64, p Ͻ .001. A main effect of group was also found, F(2, 626) ϭ 35.92, p Ͻ .001, indicating that there was no difference in accuracy between the two healthy groups, but AD individuals were significantly less accurate than both other groups (both ps Ͻ .001). There was no interaction between group and trial type (F Ͻ 1).
Response Latencies
A 2 (No-Go response latency vs. Go response latency) ϫ 3 (healthy middle-aged, healthy old, or AD) mixed model ANOVA was conducted to examine the effects of CDR status on RTs. Subjects were faster on No-Go error trials than on correct Go trials, F(1, 301) ϭ 238.00, p Ͻ .001. Response latencies varied as a function of group, F(2, 301) ϭ 8.10, p Ͻ .001: middle-aged adults were significantly faster than both older groups (ps Ͻ .01); however, there was no significant difference between healthy and AD older adults.
2 There was a significant group by trial type interaction, F(2, 301) ϭ 3.70, p Ͻ .05. In follow-up analyses, separate Group ϫ Trial Type ANOVAs indicated that there was a significantly greater difference between No-Go and Go RTs in AD participants, compared with middle-aged adults, F(1, 170) ϭ 6.31, p Ͻ .05, and in AD participants compared with the age-matched 1 We removed four additional participants whose data points lied outside the distribution of at least one of the main behavioral outcome variables (Go RT, No-Go RT, Preerror RT, Precorrect RT, Posterror RT, and Postcorrect RT) based on visual inspection of the histograms.
2 Because the group variable was also involved in a significant interaction, the main effect of group on RTs was further investigated in two separate between-subjects ANOVAs for Go RT and No-Go RT. When Go RT was the dependent variable, there was a significant slowing in the AD group compared with the healthy older adult group (p Ͻ .05). When No-Go RT was the dependent variable, there was no significant difference between these two groups (p ϭ .974). This document is copyrighted by the American Psychological Association or one of its allied publishers.
older adults, F(1, 175) ϭ 6.53, p Ͻ .05. When z-scores were analyzed instead of raw RTs, No-Go error z-RTs were still significantly faster than Go z-RTs, F(1, 301) ϭ 217.69, p Ͻ .001, but neither the main effect of group nor the group by trial type interaction was reliable (Fs Ͻ 1).
Additional Measures From the SART
To investigate intraindividual variability across groups, the coefficient of variation (CoV) was calculated for each participant by dividing the SD of their Go RTs by their mean Go RT. Because the assumption of homogeneity of variances was not met, a Welch test was run to examine group differences in CoV. CoV was reliably different across groups, F(2, 195.74) ϭ 19.38, p Ͻ .001. According to post hoc analysis, participants in the early stages of AD showed significantly more variable performance (higher CoV) than did those in the other two groups (p Ͻ .001). The healthy groups did not differ from each other. This result is illustrated in Figure 1 .
A skill index (Seli, 2016 , see also Seli, Jonker, Solman, Cheyne, & Smilek, 2013 was also calculated. This index controls for individual differences in speed-accuracy trade-offs, and is calculated by dividing each subject's mean No-Go accuracy by their This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
mean Go RT. The result is then multiplied by 1,000 for interpretive convenience (Seli, 2016 
Preerror Speeding
In the following analyses the mean response latency of four Go trials preceding a No-Go error (i.e., when a response was made to a target) is contrasted against the mean response latency of four Go trials preceding a correct No-Go trial (i.e., where no response was made). If MW is occurring, one might expect trials before an error to be relatively fast because participants are not engaged in fully processing these items, and in some sense are mindlessly pressing the button. Indeed, a 2 (Preerror RT vs. Precorrect RT) ϫ 3 (healthy middle-aged, healthy old, or AD) mixed-model ANOVA indicated that trials preceding No-Go errors were faster than trials preceding correctly withheld No-Go responses, F(1, 195) ϭ 75.47, p Ͻ .001. The main effect of group was also significant, F(2, 195) ϭ 10.24, p Ͻ .001, as middle-aged adults were faster than both healthy older adults and AD individuals. Results showed no group by trial type interaction (F Ͻ 1.5). Turning to the z-transformed RTs, there was a reliable main effect of trial type, F(1, 195) ϭ 70.37, p Ͻ .001, but neither the main effect of group nor the group by trial type interaction approached significance (Fs Ͻ1.5) in this preerror speeding analysis.
Posterror Slowing
Posterror RT refers to the response latency on the Go trial immediately after a No-Go error, whereas postcorrect RT refers to the response latency on the trial after a correctly withheld No-Go response. It is hypothesized that posterror slowing reflects reengaging the appropriate task set after an error is made. Reaction time patterns were analyzed in a 2 (Posterror vs. Postcorrect) ϫ 3 (healthy middle-aged, healthy old, and AD) mixed-model ANOVA. Posterror response latencies were longer than postcorrect response latencies, F(1, 257) ϭ 138.87, p Ͻ .001. Group also produced a significant main effect, F(2, 257) ϭ 9.80, p Ͻ .001: healthy middle-aged adults were faster than the other two groups.
A significant group by trial type interaction was also found, F(2, 257) ϭ 3.25, p Ͻ .05. To fully explore the nature of this interaction, three separate 2 ϫ 2 mixed-model ANOVAs were conducted. In the first analysis, only the two healthy groups were contrasted. This revealed significant main effects of trial type, F(1, 217) ϭ 135.54, p Ͻ .001, and age group, F(1, 217) ϭ 9.94, p Ͻ .01, and, most importantly, a significant group by trial type interaction, F(1, 217) ϭ 6.27, p Ͻ .05. This indicates that the difference between posterror and postcorrect RTs was greater in the older group than in the younger, replicating and extending the pattern observed by when comparing young college students to older adults. In the second ANOVA, only the healthy older adults and the AD individuals were contrasted. A significant main effect of trial type, F(1, 149) ϭ 101.03, p Ͻ .001, and a marginal main effect of group, F(1, 149) ϭ 2.95, p ϭ .088, were found, however, the group by trial type interaction was not reliable (F Ͻ 1). In the final ANOVA, the healthy middle-aged group was contrasted with the AD group. This indicated significant main effects of trial type, F(1, 148) ϭ 64.34, p Ͻ .001, and group, F(1, 148) ϭ 16.91, p Ͻ .001, but the group by trial type interaction was not reliable in this analysis either (F Ͻ 1.5). In summary, the results of the follow-up analyses suggest that healthy older adults were slowing to a greater extent compared with younger healthy adults (i.e., the difference between posterror and postcorrect RTs was bigger), but this tendency was not evident in AD individuals as there was no reliable difference between middle-aged and AD-or older and AD-adults.
Turning to the z-score analyses, there was a reliable main effect of trial type, F(1, 257) ϭ 125.83, p Ͻ .001, indicating slowing after errors and a marginal main effect of group, F(2, 257) ϭ 2.69, p ϭ .070. More important, the group by trial type interaction was significant, F(2, 257) ϭ 3.83, p Ͻ .05 (see Figure 2) . We conducted follow-up analyses on z-scores in a fashion similar to the analyses for the raw RTs. In the first ANOVA contrasting the healthy groups (middle-aged and older), a significant main effect of trial type, F(1, 217) ϭ 136.60, p Ͻ .001, and group, F(1, 217) ϭ 4.64, p Ͻ .05, were found. The group by trial type interaction was also reliable, F(1, 217) ϭ 6.11, p Ͻ .05. The second ANOVA contrasting the AD participants and the age-matched controls revealed a significant main effect of trial type, F(1, 149) ϭ 87.51, p Ͻ .001, but the main effect of group did not reach significance This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
(F Ͻ 2.5). The group by trial type interaction was marginally significant, F(1, 149) ϭ 3.68, p ϭ .057, suggesting that posterror slowing is slightly smaller in the AD individuals compared with their age-matched controls, when controlling for overall processing speed. In the final ANOVA contrasting healthy middle-aged adults and AD individuals, only a main effect of trial type was found, F(1, 148) ϭ 56.45, p Ͻ .001, with neither the main effect of group nor the interaction between group and condition approaching significance (both Fs Ͻ .5).
Self-Reported MW
Mean proportions of different thought probe responses (on-task thought, space outs, zone outs, and tune outs) in each group are presented in Table 3 . Because the distributions of thought report frequencies were skewed, Kruskal-Wallis H tests were used to examine the effect of age/CDR status on MW. Frequency of on-task thought reports was reliably different across groups, 2 (2) ϭ 43.48, p Ͻ .001. Pairwise comparisons revealed that each group was significantly different from every other group (ps Ͻ .01). In other words, middle-aged adults reported less on-task thoughts than older adults who, in turn, reported less than AD individuals. Frequency of tune outs (MW with awareness) was also different across groups, 2 (2) ϭ 43.94, p Ͻ .001. All three pairwise comparisons yielded significant results (ps Ͻ .01), thus tune outs decreased in frequency with age, and showed further decrease in the AD group. No compelling significant differences were found in the remaining two thought report categories (space outs and zone outs). 
Personality, Interest, Difficulty, and Working Memory Capacity
When the five factors of personality were examined, ANOVAs revealed significant differences between groups in Neuroticism, F(2, 559) ϭ 9.48, p Ͻ .001, Openness, F(2, 559) ϭ 18.31, p Ͻ .001, and Conscientiousness, F(2, 559) ϭ 8.17, p Ͻ .001. See Table 4 for descriptive data.
The significant difference in Neuroticism scores was driven by significant differences between the AD group and the two cognitively healthy groups (ps Յ .010) with no reliable difference between the latter two groups (p ϭ .095). In the case of Openness, healthy middle-aged adults scored significantly higher than both older groups (ps Ͻ .001); there was no significant difference between cognitively healthy older adults and the AD group (p ϭ .111). AD individuals were significantly less conscientious than healthy individuals regardless of age (ps Ͻ .01), and there was no reliable difference between the two healthy groups. These patterns replicate Duchek et al. (2007) .
Investigating the relationship between Conscientiousness and SART performance controlling for CDR status, we found that Conscientiousness was negatively correlated with CoV (␤ ϭ Ϫ.16, p Ͻ .001), and mean Go RT (␤ ϭ Ϫ.09, p Ͻ .05), and positively with skill (␤ ϭ .11, p Ͻ .01). However, conscientiousness was unrelated to self-reported MW ( ϭ .07 for on-task thought, and ϭ Ϫ.06 for tune outs) using Spearman's that does not control for covariates.
Interest ratings differed significantly across groups, 2 (2) ϭ 25.21, p Ͻ .001. Each group differed significantly from every other group (ps Ͻ .05). Middle-aged adults found the task the least interesting, while the AD group found the SART significantly more interesting than the two healthy older adult groups. Difficulty ratings were also significantly different across groups, 2 (2) ϭ 18.80, p Ͻ .001. The AD group rated the task more difficult than the two healthy groups (ps Ͻ .01). Interest and difficulty ratings were positively correlated in the sample ( ϭ .27, p Ͻ .001). Interest was weakly positively correlated with mean Go RT ( ϭ .09, p Ͻ .01), and on-task thought reports ( ϭ .19, p Ͻ .001). It was negatively correlated with tune outs ( ϭ Ϫ.16, p Ͻ .001). Perceived difficulty was positively correlated with CoV ( ϭ .17, p Ͻ .001). It was negatively correlated with No-Go accuracy ( ϭ Ϫ.30, p Ͻ .001), skill ( ϭ Ϫ.22, p Ͻ .001), and tune out frequency ( ϭ Ϫ.09, p Ͻ .05).
We also examined the relationship between MW reports and working memory. Across all participants and groups, on-task thought frequency was negatively correlated with reading span ( ϭ Ϫ.18, p Ͻ .001), while tune out frequency was positively correlated with reading span ( ϭ .21, p Ͻ .001). However, neither of the correlations remained significant within groups. When group differences in MW were analyzed with reading span entered as a covariate, significant differences were still found both for on-task thoughts, F(2, 403) ϭ 5.45, p Ͻ .01, and for tune outs, F(2, 403) ϭ 6.50, p Ͻ .01.
Discussion
The goal of the present study was to investigate MW, as reflected by SART performance and self-reports, as a function of healthy aging and in early stage AD. Self-reports of MW decreased across groups with the youngest healthy group reporting the most off-task thought, older healthy adults reporting significantly less (replicating previous findings, see Maillet & Schacter, 2016a) , and the AD group reporting the least. With respect to behavioral indices of MW in the SART, no group differences were observed in preerror speeding after adjusting for processing speed, but there was an increase in the AD adults compared to their age-matched controls in the coefficient of variation, and a decrease in overall performance as indicated by the skill index. Moreover, there was some evidence of a dissociation between age and AD, such that healthy older participants showed disproportionate slowing after errors compared with middle-aged participants, but the AD individuals did not show a further increase in posterror slowing, but rather showed a small decrease compared with their age-matched controls.
In the following two sections, we discuss two aspects of the present data. First, we discuss the subjective/self-reported MW indices. We then turn to the more objective measures available 3 The nonparametric tests also indicated a weakly significant difference between middle-aged adults and AD individuals in zone out frequency, but this effect is not interpreted further because it was not robust (p ϭ .03). Associations between thought reports and behavioral performance (mean Go RT, No-Go accuracy, CV, skill index, preerror RT z scores, and posterror RT z scores) were also investigated both in the whole sample and within each group. Some weak correlations were observed, all in the expected directions; however, these results are not reported in detail because some thought report categories occurred with extremely low frequency thus, distributions were heavily skewed. Furthermore, there was no clear age-or dementia status related change in the pattern of the relationships. This document is copyrighted by the American Psychological Association or one of its allied publishers.
from the SART. We believe these two dimensions ultimately converge on a useful framework.
Subjective/Self-Reported MW
We formulated two competing hypotheses regarding MW in early AD. The cognitive resource account of MW (Smallwood & Schooler, 2006) predicts that AD individuals would report less MW because MW is a resource-dependent process and these individuals have depleted cognitive resources. A response style account would, however, predict that since early stage AD individuals are less conscientious than age-matched healthy controls (Duchek et al., 2007) , they might show a less disciplined response style leading to more MW (see .
Our results support the cognitive resource hypothesis. We found not only an age-related decrease in tune out frequency in healthy participants, but also that AD individuals reported fewer tune outs and more on-task thought than did healthy age-matched controls, suggesting that early AD pathology affects MW rates above and beyond the effect of age. This could reflect the fact that these individuals have depleted cognitive resources and so need to allocate relatively more attentional resources to the task, and this could have led to more on-task thought reports. This is partly supported by the finding that AD individuals rated the task to be more difficult than both of the healthy groups. (However, it should also be noted that difficulty ratings were only very weakly related to frequency of tune outs, and were not related to on-task thought reports.)
Two further findings of the present study are also broadly consistent with the cognitive resource account. First, working memory capacity as indicated by reading span was found to decrease as a function of age and CDR status suggesting that these groups do indeed differ in the amount of cognitive resources they have at their disposal. Second, there was a positive relationship between MW and working memory capacity, suggesting that the more resources a person has the more likely they are to MW during task performance. Alternatively, because this relationship only holds true for tune outs (i.e., MW with awareness)-this correlation could indicate that working memory capacity merely affects the ability to consciously report episodes of MW. Decline in working memory capacity, however, was only partially responsible for group differences in MW because differences between healthy controls and AD individuals were still present after controlling for working memory capacity. This suggests that some other factor, such as changes in metacognition (as discussed below) is also important in accounting for the AD-related decrease in self-reported MW.
Our results are inconsistent with the idea that episodes of MW reflect failures of executive control , 2012b because both healthy and AD older adults would have been expected to report more off-task thoughts if this were the case. Furthermore, the nonnegative association between MW and working memory capacity observed in our sample also speaks against this idea. An extension of this account is the "Cognitive Failure ϫ Current Concerns" account (McVay & Kane, 2010 , 2012b which proposes that the occurrence of MW is not determined solely by the functioning of the executive control system but also by the number of competing personal goal-related thoughts a person has that might divert attention away from the primary task. Although this account can explain the typical pattern of age differences in MW comparing college students and older adults McVay & Kane, 2010) , additional assumptions would have to be made to account for the findings of the present study. Specifically, it is unclear why two groups of community dwelling healthy older adults (62 years and 77 years old) differing in age by only 15 years would have different levels of current concerns. Moreover, one would also need to assume that the early stage AD individuals have fewer current concerns or concerns triggered by a laboratory setting than healthy adults of similar age. Given their diagnosis, one might expect the early stage AD individuals to have more current concerns when coming for cognitive testing in a laboratory setting. Although it is possible that current concerns contributed to the current results, further work would need to be conducted to demonstrate a clear link between current concerns and the reports of MW in these groups.
The findings of the present study are in line with previous research suggesting break-downs in the default mode network in early stages of AD (Greicius et al., 2004; Lee et al., 2016; Lustig et al., 2003) . This network is thought to play an important role in spontaneous cognition, including MW (Andrews-Hanna et al., 2010; Andrews-Hanna, Smallwood, & Spreng, 2014; Christoff et al., 2009 Christoff et al., , 2016 Durantin, Dehais, & Delorme, 2015; Mason et al., 2007; Stawarczyk, Majerus, Maquet, & D'Argembeau, 2011) . Specifically, it appears that the brain regions of the DMN overlap Note. AD ϭ Alzheimer's disease. This document is copyrighted by the American Psychological Association or one of its allied publishers.
with those most vulnerable to deposition of the amyloid-␤ protein, an important pathological marker of AD (Mormino et al., 2011; Ouchi & Kikuchi, 2012; Sperling et al., 2009) , which may appear even in preclinical AD groups (Sperling, Mormino, & Johnson, 2014) . Therefore, it is possible that amyloid-␤ deposition disrupts DMN functioning, and this disruption directly affects the spontaneous generation of mental content; thus, providing the neural basis for a decrease in MW frequency (e.g., Sheline et al., 2010) . Although the present results are consistent with this perspective, it is important to note that the precise role of the DMN and its relation to MW in older adults remains unclear (Maillet & Schacter, 2016b) . Specifically, DMN disruption might contribute to increased or decreased MW, changes in MW phenomenology (Andrews-Hanna et al., 2014) , or perhaps even a change in an individual's ability to report MW. Clearly, direct measures of DMN functional connectivity or DMN suppression during the SART in these groups would be necessary to directly examine this issue.
In accordance with previous studies (Duberstein et al., 2011; Duchek et al., 2007) we found that AD individuals were more neurotic and less conscientious than healthy controls. Contrary to expectations, however, conscientiousness was unrelated to selfreports of MW in the present sample. This personality variable did show correlations with some measures of SART performance: conscientious participants were faster, less variable in their responses, and showed overall better performance. These results suggest that more conscientious individuals do indeed adopt a more disciplined response tendency in the SART as hypothesized by , but this does not affect how frequently they classify their thoughts as task-unrelated in self-report. As such, this cannot account for the decreased self-reported incidence of MW.
It is important to note that in this sample consisting largely of older individuals, participants rarely indicated experiencing that their mind was blank during the task (space out) or that they were unaware that their mind had wandered (zone out). The present results indicated that only frequency of tune outs, known as MW with awareness, produces any reliable group differences. This raises the possibility that our findings merely reflect a decline in metacognitive awareness as a function of age and AD pathology, that is, older adults and AD individuals might have difficulties monitoring their mental contents. Studies focusing on metacognition in AD outside the context of metamemory (Cosentino, 2014) are needed to address this possibility.
As a final note, interest ratings were found to be related to both on-task thought reports and tune outs. Those who found the task more interesting disengaged less frequently. This is in accordance with previous studies (Krawietz et al., 2012; Shake et al., 2016) . Moreover, interest ratings were affected by both age and AD status-healthy middle-aged participants found the task the least interesting, while AD individuals found it more interesting than any other group. Controlling for interest, however, did not affect the age-and AD-effect in reported MW suggesting that the observed group differences are not simply attributable to greater interest in the task. This finding is important as it provides further support for the view that MW necessitates attentional resources, and that these resources modulate off-task thought, or perhaps metacognitive awareness of MW.
Behavioral Performance on the SART
Although the self-reported indices of MW indicate that early stage AD appears to be a progression of healthy aging processes, this was not the case for all of the more objective measures. Reaction time to Go stimuli increased as a function of age in our sample, and there was further slowing in the early stage AD group above and beyond the effect of age. This, however, did not mean that the latter group adopted a more cautious response strategy: No-Go accuracy was the lowest in this group. Furthermore, the skill index (Seli, 2016) similarly showed both an age-related decline and a separate effect of AD pathology. In other words, skill diminished with age, and further diminished as a function of AD status. The general pattern of results is consistent with previous findings that suggest that attentional control tasks can be used to effectively distinguish between healthy older adults and older adults in the earliest stages of AD Belleville, Bherer, Lepage, Chertkow, & Gauthier, 2008; Hutchison, Balota, & Duchek, 2010; Perry & Hodges, 1999; Spieler, Balota, & Faust, 1996) .
We examined the two most commonly analyzed behavioral indices of MW in our sample: preerror speeding, and posterror slowing. With respect to preerror speeding, we found that participants were faster on trials preceding an error than on trials preceding a correctly withheld target trial. This has been proposed to reflect becoming disengaged from the task and responding in a mindless, automatic manner, leading to an error (Smallwood & Schooler, 2006) . In the present study, no group differences were found in the magnitude of this preerror speeding. These results are in line with finding that there were no age-related changes in preerror speeding in healthy adults. Furthermore, the data also imply that AD pathology has no effect on preerror speeding.
Posterror slowing showed a more complex pattern across groups. First, focusing on the two healthy groups, we replicated and extended the results of showing greater posterror slowing in a group of older old adults compared with a slightly younger older adult group. Posterror slowing was present in AD individuals as well, but its magnitude was not reliably different from the younger healthy group and was marginally smaller than the older adult group after processing speed was controlled. In short, instead of showing an increase in posterror slowing, these individuals produced a slight decrease compared with their age-matched controls. If posterror slowing does in fact reflect task reengagement following periods of inattention (Cheyne et al., 2009; , it would seem this process might be deficient in AD older adults. This could be because of a number of reasons. For example, AD individuals may have trouble initiating the reengagement of the task. In addition, because no feedback was given during the SART, it is possible that AD individuals are less likely to be aware of the errors and hence produce less posterror slowing. To our knowledge, error awareness in AD has not been investigated in a sustained attention paradigm thus far. In other paradigms, however, error awareness has been found to be both relatively intact (in lexical tasks; Ito & Kitagawa, 2005; Mathalon et al., 2003) and relatively impaired (in metamemory tasks, Cosentino, 2014) in AD individuals, and hence, there does not appear to be a clear consensus regarding predictions for the present paradigm. It is also possible that postThis document is copyrighted by the American Psychological Association or one of its allied publishers.
error slowing is a marker of a process other than task reengagement. Notebaert et al. (2009) proposed that infrequent events such as errors lead to longer RTs because they capture attention and orient it away from the task. This reorienting process may be deficient in the early AD group (Balota & Faust, 2001; Perry & Hodges, 1999) . We also investigated behavioral variability across groups, because variability has been proposed to be a marker of MW (Bastian & Sackur, 2013; Cheyne et al., 2009; Henríquez, Chica, Billeke, & Bartolomeo, 2016; . Cheyne et al. (2009) suggested that RT variability is an indicator of "occurrent task inattention," or brief attentional disengagements from the task at hand. In their model, these brief episodes of inattention are similar to tune outs in our study. Replicating previous studies not focusing on MW (e.g., Duchek et al., 2009; Hultsch, MacDonald, Hunter, Levy-Bencheton, & Strauss, 2000; Jackson, Balota, Duchek, & Head, 2012) , we found that AD individuals produced a higher CoV than did healthy controls. This would suggest that there is an increase in occurrent task inattention in the earliest stages of AD pathology. This, however, as reported above, was not reflected in higher rates of tune outs in these participants. In fact, the AD group reported tune outs with the lowest frequency. This could either reflect that self-reports on thought probes are not adequate reflections of the actual subjective experiences of early stage AD individuals, or that behavioral variability reflects other processes in addition to transient lapses in attention (e.g., changes in neural signal transmission; Duchek et al., 2009; Hultsch et al., 2000) . The first alternative is closely related to metacognitive monitoring in AD mentioned above.
Summary
The present results extended past work showing decreased selfreported mind wandering in older adults, compared with younger adults. In addition, these results replicate the observation that while preerror speeding does not show an age-related change, posterror slowing shows a disproportionate increase in older adults. Moreover, the older adults reported that they found the task more interesting compared with middle-aged adults, again replicating previous results. More important, these patterns were shown in two large cohorts of healthy community dwelling individuals, as opposed to typical aging studies comparing community dwelling older adults to college-aged samples, and hence, these age differences are not because of idiosyncratic characteristics of collegeaged students. The self-reported mind wandering indices along with self-reported interest and difficulty changed further in early stage AD compared with age-matched older adults, suggesting AD is on a continuum with aging in these self-reports. However, there were some clear differences in the objective measures of SART performance. Specifically, we demonstrated an AD-specific increase in the CoV, and early stage AD individuals produced more comparable posterror slowing to the young-old adults, in comparison with their age-matched older adults. We believe this latter effect, in conjunction with the self-reported increase in interest in the task, is most consistent with a decrease in self-monitoring in early stage AD that is specific to the AD pathophysiological cascade.
